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(71) We, BAYER AKTIENGESELLSCHAFT, a body corporate organised 
under the laws of Germany, of 509 Leverkusen, Germany, do hereby declare the 
invention, for which we pray that a patent may be granted to us, and the method by 
which it is to be performed, to be particularly described in and by the following 
statement: — 5 

AES-Polymers are thermoplastic two-phase plastics materials in which 
acrylonitrile (A) and styrene (S) are graft polymerised onto an jEPDM-rubber (E). 
EPDM-Rubbers are terpolymers of ethylene (E), propylene (P) and an 
unconjugated <fiene (D). 

AES-Polymers are basically known. They show improved stability to light and jq 
weathering in comparison with corresponding ABS-graft polymers (jtyrene and 
acrylonitrile grafted onto butadiene polymers). " 

Conventional processes for producing AES-polymers are technically involved 
and confined to special EP and EPDM-rubbers, in addition to which the resulting 
products are inferior to the corresponding ABS-polymers. ig 

The processes normally used for producing AES-polymers are as follows: 

1. Emulsion polymerisation. 

Styrene and acrylonitrile are polymerised in the presence of an EPDM-rubber 
emulsion or dispersion. However, as EPDM-rubbers are synthesised by solution 
polymerisation and not by emulsion polymerisation, the emulsions or dispersions 20 
have to be specially prepared. They show only limited stability in storage and the 
grafting reaction is accompanied by heavy coagulation. 

2. Bulk or bulk-suspension polymerisation. 

EPDM-Rubbers are only soluble to a limited extent in mixtures of styrene and 
acrylonitrile. Accordingly, auxiliary solvents have to be added, separately pre- 25 
pared graft polymers have to be introduced and/or special programmes have to be 
maintained in regard to temperature control and addition of the monomer mixture. 

3. Solution or solution-precipitation polymerisation. 

Although the processes which have hitherto been proposed in this respect are 
technically feasable, they either involve considerable technical outlay, such as 30 
those described in ^ 
DT — OS 1 ,745,945 (multistage process, peroxide) 

DT — OS 1,769,052 (solvent separation by distillation, temperature and metering 
programmes) 

DT — OS 2,262,239 (pressure apparatus) 35 
DT-OS 2,302,014j (solvent combinations) 

DT— OS 2,304,377/ 

involve a high safety risk, such as those described in DT — OS 2,216,845 
(decomposition temperature of the activator) are confined to special EPDM- 
rubbers, such as those described in DT— OS 1,769,052 or cannot be adequately 40 
reproduced, such as those described in DT— OS 1,745,945 (peroxide formation). 

A solution polymerisation process for the production of AES-polymers has 
now been found which does not have any of the disadvantages referred to above 
and which, at the same time, yields products which are superior in their 
combinations of properties to standard commercial-grade ABS-polymers. 45 
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The present invention provides a non-ageing AES polymer moulding 
composition comprising: 

A) 10 to 90 parts by weight of a graft copolymer produced by the graft 
polymerisation of styrene or of styrene and acrylonitrile (the styrene 
5 in each case being completely or partly replac able by a-methyl 

styrene) in a ratio by weight of from 4:1 to 3:2, as graft monomer, in 
the presence of an EPDM rubber or of a mixture of an EPDM 
rubber with a saturated rubber, as graft base, the polymerisation 
being carried out in an aromatic optionally halogen-substituted 
10 hydrocarbon or in a mixture of such aromatic hydrocarbons as 

solvent at a temperature of above 80° C, and the following ratios by 
weight being maintained: 

solvent 

= 2.5:1 to 10:1 



graft monomer + 
graft base 



10 



graft base 

= 1:3 to 4:1, and 

graft monomer 

15 B) 90 to 10 parts by weight of a styrene homopolymer or of a copolymer of a 15 
styrene with acrylonitrile or methacrylonitrile (the styrene in each 
case optionally being side-chain-substituted or nuclear-substituted) 
in a ratio by weight of from 80:20 to 20:50 

The invention also provides a process for the production of a moulding 
20 composition as defined above, which comprises mixing the polymers A) and B) as 20 
solids or in solution. 

A. Graft polymers. 

A.1 EPDM-Rubber. 

"EPDM- Rubbers" in the context of the invention are copolymers of ethylene, 

25 propylene and an unconjugated diene. The ratio by weight of ethylene to 25 

propylene is preferably from 75:25 to 40:60. The diene is incorporated in the 
copolymer in such quantities and in such form that iodine numbers of from 2 to 30 
are obtained, corresponding to approximately 1 — 15 C=C bonds per 1000 carbon 
atoms. The monomer units may be arranged either statistically or in blocks. 

30 Instead of one diene, mixtures of several dienes may also be incorporated in 3Q 

the copolymer. 

Mixtures of an EPDM-rubber with other rubbers containing less than 50 C=C 
bonds per 1000 carbon atoms may also be used in accordance with the invention. 
Basically any unconjugated dienes may be used as comonomer. Preferred dienes are 
35 dicyclopentadiene, 1,4-hexadiene and 5-ethylidene-2-norbornene. It is also 35 
possible to use their homologues such as other alkylidene norbornenes, tricyclo- 
pentadiene, heptadiene or octadiene. 

EPDM-Rubbers with a Mooney plasticity (ML 1 + 4', 100°C) of from 20 to 
150 are particularly preferred. 

40 A.2 Graft monomers. _ 40- 

Graft monomers in the context of the invention are styrene and mixtures of 
styrene and acrylonitrile in a ratio by weight of from 4:1 to 3:2. The styrene may be 
completely or partly replaced by cr-methyl styrene. 

The ratio by weight of graft base to graft monomer is from 1:3 to 4:1, 
45 preferably from 1:2 to 2.4:1. . 45 

A.3 Graft polymerisation. 

Graft polymerisation means polymerisation of the graft monomers in the 
presence of the graft base. Part of the monomers is polymerised onto the graft base 
in the form of side chains. This part of the polymer formed is chemically attached 
50 to the graft base. In addition, free polymer of the graft monomers is formed. The 50 
ratio by weight of the polymer chemically attached (grafted) to the graft base to 
the free polymer is known as the degree of grafting. This degree of grafting and the 
molecular weight both of the grafted polymer and of the free polymer can be 
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influenced to a considerable extent by the polymerisation ro„H;t;«„c 

Sffl^^LS3??ISS- Accordingly, the polymerisation condition! have to be 
carefully selected to obtain products with optimum properties. The polymerisation 
reaction is initiated by radical activators. polymerisation 

The polymerisation activator, polymerisation velocity and polymerisation 
2^ » interrelated. For a given polymerisation temperKe ?t 5 

es^^s^ss? activators on the basis of the haif uves 

fl „H I? n T? ° f a ^ 0Ve 80 °. C ' P referabl y in the range of from 100 to 140°C 
SESS? pa f tlcular Preference, ^ tfic range of from 1 10 to 130"C are required for 
the graft polymerisation reaction. i^uireu ior 

♦ - Peroxide activators, such as di-tert.-butyl peroxide, cumene hvdroDeroxide 

rt *Tn U S I c hydr , 0per0 ^ de and dicumyl peroxide are particukrij suffix 
of wiffi ^fo/H dU0mg a ^ nts "padded, it is afco possible to use activators 
low decompo S1 t,on at the temperatures Indicated is basically too 

terpino^ regulators -e relatively long-chain mercaptans, 

A. 4 Solvents. 

th»rh£™ Cipl A e ' •* if. 00881016 *° use any of the usual aromatic hydrocarbons and 
their halogen derivatives as solvents. Examples of suitable solvents are benLne 

m ; n ;S!r 1 nd to i uene , are preferably used as the solvents by virtue of their 
SeTtl r n g rnH^t« effeCt J.™ 8 /^ reactions). In cases where these solvents are 
welaht £E? n P? according to the invention are obtained when the ratio by 
weight of solvent to graft monomer + graft base is from 2.5:1 to 10-1 This ratio is 
preferably <10 for benzene and preferably <5 for toluene. 

B. Styrene, styrene-acrylonitrile copolymers ("SAN-copolymer") 

*™ „„Tf -yr !, n 2 P 0 ^ 1 * 8 and styrene-acrylonitrile copolymers (providing thev 
Z „t d ' d 7 g the graft Polymerisation reaction) may be produced fy an? 
of the polymerisation processes normally used for this purpose y 
the styrene may be completely or partly replaced by aside-chain-substituteH 
or nuclear-substituted styrene, e.g. a-methyl styrene. V substituted 
^AN-copoIymer preferably contains styrene and acrylonitrile units in a 
ratio by weight of from 80:20 to 60:40. Where the styrene is rep a?S Pby a-me hv! 

f&?L% p0lym T. W i th a ra «° by weight of a-methyl styren? to a?ryL?iSe of 
t I P^ved to be particularly favourable ijunuinio oi 

also be n a X n °r^L^ m u nat lu n ° f Styrene and acr ylonitrile, the styrene may 
mnnonf.i ^ 7 re P, lace . d ., °y other monomers, or in conjunction with other 

The styrene may also be replaced by a-methyl styrene or bv other nucleus nr 
methac^ StyreneS ' wMst ie ^nitrfie may JST^gSfg 

The SAN-copolymer may be produced by different methods Where emnkmn 
polymerisation is used, it is possible to employ as emuES^ 
active substances such as, for example, alkyl sulphates, Xl KhSnaS Svl 
alkyl sulfonates, the alkali metal salts of saturated or unsatarated Fatty adds and 
Suitawf ^proportionated or hydrogenated mSSSSS^A 

suitable activators are standard organic and norganic peroxides inorganic 

^H eS "!? r ^ d ° X system f ' U - activator s y stem s which conSS of an oSS 
rlacln^diurn! 0108 ^ ^ "«* i0DS additi °" a ny being preTent in'hl 
r^.S 16 mol ? cular weights may be adjusted with so-called molecular weieht 

suitable activators are organic peroxides or azo compounds solvents, 
In cases where m this process polymerisation is only continued up to a certain 
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conversion, the unreacted monomers and the solvent may be removed from the 
solid polymer, for example by concentration through evaporation in a screw or, in 
the case of emulsion polymerisation, even through a thin layer evaporator. 

In cases where the styrene-acrylonitrile copolymers are produced by 
5 suspension polymerisation, the usual dispersants, such as polyvinyl alcohol or 5 

partially hydrolysed polyvinyl acetate, may be used as suspension stabilisers. 

C. Isolation of graft copolymer A. 

Graft copolymer (A) may be isolated from its solutions by the usual methods 
(precipitation, stripping or concentration through evaporation in the screw). It is 
10 particularly preferred to use stripping and to remove the solvent by evaporation . 10 

screws. 

D. Mixing the graft polymer A and the styrene polymer B. 

The solid polymers may be mixed by means of standard compounding units, 
for example multiroll stands, mixing extruders or internal kneaders. However, 
15 solutions of the polymers may also be mixed and worked up. The mixture should 15 

contain from 10 to 90 parts by weight of (A) and from 90 to 10 parts by weight of 
(B), preferably from 10 to 60 parts by weight of (A) and from 90 to 40 parts by 
weight of (B). The mixture preferably has an EPDM-rubber content of $30% by 
weight. 

20 Instead of using one graft polymer (A), it is also possible to use mixtures of 20 

several such graft polymers differing from one another in their composition (within 
the limits specified). Thus, the ratio of graft base to graft monomer and/or the graft 
base used may be different. 

The additives normally used for moulding compositions may be added to the 
25 mixtures during their working up, further processing and final shaping. Additives 25 
of this kind include antioxidants, UV-stabilisers, hydroperoxide neutralisers, anti- 
static agents, lubricants, flameproofing agents, fillers and pigments. 

Stabiliser combinations of light stabilisers of the methyl piperidine type and 
UV-stabilisers of the benztriazole type are particularly suitable. Final shaping may 
30 be carried out in the usual processing units and includes, for example, injection 30 

moulding, sheet extrusion with subsequent vacuum forming, cold forming of films, 
the extrusion of tubes and profiles, and calender processing. 

Unless otherwise stated, the parts quoted in the Examples are parts by weight. 

E. EXAMPLES. 

35 E.l Production of the EPDM graft polymers. 35 
General recipe: 

E parts by weight of EPDM rubber are dissolved in 

L parts by weight of solvent. 

S parts by weight of styrene and 
40 A parts by weight of acrylonitrile are added and the solution is heated to 40 

T°C (= polymerisation temperature).T611owing the addition of J parts by weight of 

initiator, polymerisation is carried out for 

T hours at the above-mentioned polymerisation temperature. 

The monomer conversions obtained amount to >98%. The polymer solution has 
45 added to it, based on the sum: E + S + A, 0.5 part by weight of a phenolic 45 

antioxidant (2,6-di-tert-butyl-p-cresol) and 0.5 part by weight of a co-stabiliser 

(dilauryl thiodipropionate), and the polymer product is isolated by stripping. The 

crumbs obtained are dried at 70°C in a vacuum drying cabinet. 

Characterisation of the polymerisation vessel: 

50 material: V2A steel $0 

pressure load: up to 6 bars 

stirring: wall-sweeping stirrer designed for viscosities of >1000 

poises 

stripper: standard stripper of the kind used in rubber technology 

55 E.2 Styrene-acrylonitrile copolymers. 55 
The polymerisation process used to produce the styrene-acrylonitrile • 
copolymers or styrene polymers is not critical. Both standard commercial-grade 
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products and also specially polymerised products are used for producing the 
mixtures in the following Examples. 

The following measurable values are used For characterising the products: 
1. acrylonitrile content; calculated by N,-elemental analysis 
5 2. styrene or a-methyl styrene content; calculated as 100%-% acrylonitrile, 5 

3. Mn = number average molecular weight determined by osmotic 
measurements, 

4. Mw = weight average molecular weight determined by light scattering, 

Mw 

5. U= 1 (molecular inconsistency) 

Mn 

10 6. Mn = molecular weight from viscosity measurements (dimethyl formamide, 10 



Art = 
OX) 



21 

E.3 Production of the polymer mixture. 

X parts by weight of the EPDM graft polymer according to specification (E.l) and 
Y parts by weight of the copolymer according to specification (E.2) 
1 5 are compacted into a rough sheet on a two-roll stand in the presence of 0.5 part by 15 
weight of the bis-stearylamide of ethylene diamine. The rough sheet is granulated 
and standard small test bars are produced from the granulate by injection 
moulding at a melt temperature of 220° C. 

E.4 Test methods. 

20 Impact strength (a„) and notched impact strength (aj at room temperature and at 20 
-40°C (DIN 53 453, unit: kJ/m*). 
Vicat softening temperature (53 460), (°) 
Ball indentation hardness H c , 30 sees. (DIN 53 452), (MPa) 
Ageing test: Weather-O-meter of Messrs. Atlas Electro, Chicago. 
25 Impact strength is measured in dependence upon the ageing time. 25 

Thermoplastic processability: H. Ebneth, K. Bohm, "Fliessfahigkeit 
von ABS-Polymerisation mit hilfe einer neuartigen Flachspirale", (Fluidity of 
^ ABS Polymers by means of a Novel Flat Spiral), Plastverabeiter 19 (1968), 4, 
pages 261—269; test temperature 220°C (cm) 

30 EXAMPLES 1—5. 30 

(Variation of the EPDM Rubbers as Graft Base). 
The EPDM graft polymers are produced in accordance with general 
specification E.l. < 
L = 500 parts by weight of benzene 
35 E =43 parts by weight of EPDM rubber, a more detailed characterisation of the 35 

rubber being given in Table 1 
S = 43 parts by weight of styrene 
A= 14 parts by weight of acrylonitrile 
T = 120°C 

40 J = 0.9 part by weight of di-tert-butyl peroxide „ 40 

t =14 hours 

The polymer blends are produced in accordance with general specification 
E.3 with 

X = 40 parts by weight of EPDM graft polymer 
4 5 Y = 60 parts by weight of styrene-acrylonitrile copolymer 4 c 
The styrene-acrylonitrile copolymer is characterised by the following data in 
accordance with specification E.2: 

acrylonitrile content: 26.2% by weight 
styrene content: 73.8% by weight 

Mr}: 120,000 

50 U: 2.1 50 



r 
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Further properties of the product produced in accordance with Example 3 
and of a standard commercial-grade ABS polymer are compared in Table 2. 



TABLE 2 







Example 3 


ABS 


a n> 20°C Uu/m } 




ub*} 


ub 


an, 0°C ( „ ) 




ub 


ub 


a n , -20°C( „ ) 




ub 


ub 


a n , -40°C( „ ) 




ub 


73 


a k , 20°C ( „ ) 




24.6 


12.1 


H Cl 30 sec. (M Pa) 




72.5 


85 


Vicat (°C) 




93 


95 


Piocessibility (cm) 




50 


44 


Ageing test 








a n (kJ/m 2 ) after 0 


CO 


ub 


ub 


after 100 


(h) 


ub 


ub 


after 300 


00 


ub 


54 


after 500 


(h) 


ub 


34 


after 800 


00 


ub 


10 


after 1200 


00 


ub 





*)ub - of 10 test specimens, more than 50% remained unbroken during impact strength 
measurement. ■ 



Table 1 shows that products of comparable mechanical properties are 
5 obtained irrespective of the type of EPDM rubber used as graft base. In addition, 5 
Table 2 shows that these products are distinctly superior to the standard 
commercial grade ABS products in regard to toughness, processibility and, above 
all, weathering resistance. 

EXAMPLES 6 and 7. 

0 The basic recipe of Examples 1 to 5 is used. It is modified in regard to the type io 

of rubber used (EPDM rubber based on dicyclopentadiene; iodine number: 20; 
Mooney viscosity ML 1 + 4', 100°C: 28) and the solvent L. Table 3 shows that 
products with comparable properties are obtained both in benzene and in toluene. 
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TABLE 3 

Examples 6 7 

Solvent benzene toluene 

quantity of solvent (L) (parts by weight) 500 250 

a k , 20°C (kJ/m J ) 25.3 27.6 

H c , 30 seconds (M Pa) 77.7 73.6 

Vi cat temperature (°C) 93 94 



EXAMPLES 8 and 9. 
Examples 6 and 7 are repeated with the sole difference that the quantity of 
solvent is doubled. 



TABLE 4 

Examples 8 9 

solvent benzene toluene 

quantity of solvent (L) (parts by weight) 1000 500 

afc, 20°C (kJ/m 2 ) 8.2 1.9 

H c , 30 seconds (M Pa) 64.0 63.2 

Vicat temperatures (°C ) 91 89 



EXAMPLES 10 to 15. 
The graft polymer of styrene-acrylonitrile on an EPDM rubber with dicyclo- 
pentadiene as graft base, described in Example 3, was used for the tests 
summarised in Table 5. The quantitative ratio of graft polymer (X) and resin 
10 component (Y) and also the chemical structure of the resin component were 10 

varied. The polymer blend was produced under the conditions specified in E.3. 
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EXAMPLES 18 to 20. 
The test specimens are produced in accordance with Example 3, the only 
difference being that the ratio of graft base to graft monomers and the mixing ratio 
of graft polymer to resin component (X:Y) are varied. The mixing ratio of graft 
5 polymer to resin component is selected in depend nee upon the graft polymer in 5 
such a way that the polymer blend has a constant EPDM rubber content of 1 7.2%. 



Example 


TABLE 7 
18 


19 


20 


E (parts by weight) 


50 


60 


70 


A (parts by weight) 


12.5 


10.0 


7.5 


S (parts by weight) 


37.5 


30 


22.5 


X (parts by weight) 


34.4 


28.6 


24:6 


Y (parts by weight) 


65.6 


71.3 


- 75.4 


a k , 20°C (kJ/m 2 ) 


30.7 


11.0 


3.8 


H c , 30 seconds (M Pa) 


75.9 


76.2 


78.0 


Vicat temperature (°C) 


94 


96 


93 



EXAMPLES 21 — 23 and Comparative Example 2. 
Grafting onto rubber mixtures of EPDM rubber and ethylene-vinyl acetate 
10 rubber 

The tests summarised in Table 8 are based on the same specification as 
Example 19 with changes to 

a) the type of rubber used as graft base, but not the total quantity of rubber used, 
EPDM rubber: diene component: 5-ethylidene-2-norbornene 
15 iodine number: 24 

Mooney viscosity ML 1 + 4', 10O°C:95 
ethylene-vinyl acetate number: 
vinyl acetate content: 45% 
Mooney viscosity ML 1 + 4', 100°C:20 
20 and b) the mixing ratio of EPDM graft polymer (X) to styrene-acrylonitrile 
copolymer 

X = 40 parts by weight 
Y = 60 parts by weight 



TABLE 8 



Examples 


21 


22 


23 


Comparative 
Example 2 


parts by weight of EPDM rubber 


50 


45 


25 




parts by weight of EVA iubbei 




5 


25 


50 


a k , 20°C (kJ/m J ) 


37.0 


37.0 


29.1 


5.5 


H c , 30 seconds (M Pa) 


64.9 


62.9 


62.8 


64 


Vicat temperature (°C) 


93 


93 


92 


90 



15 
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The tests show that >50% of other saturat d rubbers may be added to the 
EPDM rubbers without producing any significant change in the level of properties. 

EXAMPLE 24. 

The EPDM graft polymers of Example 21 and Example 20 are mixed in the 
5 following quantitative ratio with the styrene-acrylonitrile copolymer of Examples 1 5 

to 5 in accordance with specification E.3 for the polymer blend: 
4.9 parts by weight of EPDM graft polymer of Example 20 

27.5 parts by weight of EPDM graft polymer of Example 21 

67.6 iparts by weight of styrene-acrylonitrile copolymer of Examples I to 5 

10 The product has the following mechanical characteristics: 10 

a k , 20°C (kJ/m l ): 30.8 
H c , 30 seconds (M Pa): 72.8 
Vicat temperature (°C): 93 

EXAMPLE 25. 

15 Example 1 was repeated with the difference that, instead of being isolated by 15 

stripping, the graft polymer was isolated in an evaporation screw. 
a k , 20°C (kJ/m s ): 23.6 
H c , 30 seconds (M Pa): 74.5 
Vicat temperature (°C): 91 

20 WHAT WE CLAIM IS: — 20 

1. A non-ageing AES polymer moulding composition comprising: 

A) 10 to 90 parts by weight of a graft copolymer produced by the graft 

polymerisation of styrene or of styrene and acrylonitrile (the styrene 
in each case being completely or partly replaceable by a-methyl 

25 styrene) in a ratio by weight of from 4: 1 to 3 :2, as graft monomer, in . 25 

the presence of an EPDM rubber or of a mixture of an EPDM 
rubber with a saturated rubber, as graft base, the polymerisation 
being carried out in an aromatic optionally halogen-substituted 
hydrocarbon or in a mixture of such aromatic, hydrocarbons as 

30 solvent at a temperature of above 80°C, and the following ratios by 30 

weight being maintained: 

solvent 

= 2.5:1 to 10:1 

graft monomer + 
graft base 

graft base 

= 1:3 to 4:1, and 

graft monomer 

B) 90 to 10 parts by weight of a styrene homopolymer or of a copolymer of a 
35 styrene with acrylonitrile or methacrylonitrile (the styrene in each 35 

case optionally being side-chain-substituted or nuclear-substituted) 
in a ratio by weight of from 80:20 to 50:50. 

2. A moulding composition as claimed in claim 1, wherein the graft 

Eolymerisation reaction is carried out in benzene or toluene as the aromatic 
ydrocarbon. 40 

3. A moulding composition as claimed in claim 2, wherein the quotient 

solvent 



graft monomer + 
graft base 

is <10 for benzene and <5 for toluene. 

4. A moulding composition as claimed in any of claims 1 to 3, wherein the 
45 diene component of the EPDM rubber is 5-ethylidene-2-norbornene, dicyclo- 

pentadiene or 1 ,4-hexadiene. 

5. A moulding composition as claimed in any of claims 1 to 4, wherein the 
styrene of the homopolymer or copolymer of component B) is styrene or a-methyl 
styrene. 
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6. A moulding composition as claimed in claim 1, substantially as herein 
described with reference to any of the specific Examples. 

7. A process for the production of a moulding composition as defined in claim 
I, which comprises mixing the polymers A) and B) as solids or in solution. 

5 8. A process as claimed in claim 7, substantially as herein described with 5 

ref rence to any of the specific Examples. 

9. A moulding composition when produced by a process as claimed in claim 7 
or 8. 
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